AbstractThe work is devoted to effective ways to increase the load capacity of buildings bases and structures by impregnating soils with compounds based on complex finely dispersed binder and local raw materials. The article shows that an important factor in the effective injection fixation of structural-unstable soils is the penetrating ability of the solution characterized by viscosity and sedimentation, depending on the composition of the complex binder. It allows to improve the antifiltration properties of the reinforced massifs, resistance to various aggressive effects, speed of strength gain, etc.
I. INTRODUCTION
It is known that one of the most crucial technological conversions during building is the basement and structure construction. To ensure the safety of construction objects, construction basement should be based on sound data from studies of the base soil properties, especially in cases where the soil layer is composed of structurally unstable, weak water-saturated and other problematic soils [1] .
It is taken for granted that bases composed of similar soils cannot be operated without a definite transformation, prior improvement of their properties, for which different methods of soil consolidation are used. Using of various methods depend on the technology, chemical processes occurring in the soil during injection of solutions and the changes nature in the soil properties [2] [3] [4] [5] .
The most effective method of preventing uneven sediments and subsequent deformations of buildings and structures, as shown by the experience of Russian and foreign scientists [5] [6] [7] [8] , is the injection fixing of the soils. Injection reinforcement of structural-unstable soils provides an increase of their load capacity, water resistance, durability and strength.
The main factor of effective injection fixation is the penetrating ability of the solution, characterized by viscosity and sedimentation [5, 7, 9] .
Viscosity and stability (sedimentation) of the injection solution are dependent on its water-binding ratio (V/V), the method of preparation and the chemical additives. The main parameters of the study were the viscosity, sedimentation and setting time of the injection solution, which are regulated by V/V, time and intensity of solution mixing, as well as plasticizing additives. It should be noted that the most important factor determining the solution is V/V, which depends on the composition of the used complex fine binder.
II. METHODS AND MATERIALS
Research methods are based on the theory of clinker minerals hardening with fillers of various genesis, for example, local substandard very fine sand, carbonate flour and cement dust. Mathematical logic and technology of composite materials are used as methods also. The studies were carried out considering current state standards and recommendations.
The main component of the complex fine binder (CFB) is a particularly finely dispersed substance Mikrodur® (ECFD Mikrodur®). As a filler for CFB, raw materials were studied (Table 1) . They were finely ground, so it made possible to obtain a solution with enough penetration to fix the soil. Numerous works [10] [11] [12] [13] are known, stating the effectiveness of using local raw materials, including those of technogenic origin, in the technology of concrete and mortar. Table 1 shows that the closest materials to ECFB Mikrodur® by dispersiveness are the following materials: cement dust, carbonate flour obtained by grinding limestone, and silica fume. However, it should be noted that with the proper selection of the solution composition, each of these materials can be used as a component for the preparation of the CFB.
To obtain the corresponding indicators of dispersion, some of the materials used were floured by roller mill MLR-15 in a laboratory for a certain time: sand and volcanic ash for 30 minutes, and limestone for 40 minutes. Continuation of grinding, above the specified time, did not show better results. One of the reasons for the loess soil settlement is the aggregates particles' ability of these soils to peptize when they are wet. Other words, to the transition of solid colloidal crystals into a liquid solution; high rates of V/V solutions for fixing such soils are extremely undesirable. However, this problem has been proposed to be solved with the help of additives and fine-dispersed local raw materials used as a filler.
III. RESULTS According to the data of sedimentation analysis of solutions for local raw materials, these materials in their own form have a large percentage of water separation, except for silica fume and cement dust (Table 2) . However, the viscosity indices of these materials indicate a high penetrating ability, since the flow time of solutions through the Marsh Viscometer at V/V = 4 is ≤ 32 s for the proposed raw material, based on Mikrodur® -39 s. This suggests that due to these properties of solutions based on Mikrodur® and local raw materials, it is possible to adjust the composition of injection solutions through their integrated use. Thus, considering the obtained data, the compositions of solutions based on CFB (Mikrodur® + filler) at V/V = 4 were selected, while maintaining the stability of the solution and the required viscosity. Below, in Tables 3-10 According to the data obtained, the viscosity of the solutions CFB are in the following intervals: Such viscosity indices represent the possibility of reducing the Mikrodur® TRAF by 50-80%. Also, as a result of the research, the strength of the hardened stone was determined at the age of 28 days, which was formed as a result of the hardening of the CFB solution (Table 11) . For this purpose, a mortar mixture of normal thickness was prepared (as in the cement test) with a lower V/V from 0.4 to 1.0. Hardening of the samples was carried out at 20 ° C and relative humidity of 60-70%. The Preparation of CFB solutions, with a Mikrodur® content of more than 50% of the total mass, was not appropriate, due to the high cost of this material. Reducing the expensive imported product by 50-80% will give a good economic effect, and domestic raw materials will make it more popular and competitive in the global construction market. IV. CONCLUSION According to the research results, it was found that the viscosity and sedimentation rates of all the materials studied are almost the same. It proves the viability of each of them in injection solutions as a filler together with Mikrodur®.
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As a result of the research, materials and compositions for fixing structural-unstable soils are proposed. The main rheological properties (water separation, viscosity and setting time) of the CSB were determined and the optimal compositions of composites based on them were proposed.
